Industrial symbiosis refers to a collaborative strategy of exchanging physical resources and sharing services among industrial actors, which enhances the resource efficiency and reduces the environmental impacts of industrial operations within the network. Although it can contribute to sustainable development in emerging economies, few studies have examined the dynamics of industrial symbiosis in such regions. We initiated a capacity-building pilot program for industrial symbiosis in Colombia and formulated 20 industrial symbiosis projects with 36 companies. Based on our experience over the first year, we conducted an exploratory case study of the mechanisms that facilitate the development of industrial symbiosis. Specifically, we analyzed the nature of this facilitation and how its activities influence the key determining factors of industrial symbiosis in technical, economic, organizational, social, and institutional categories. Our facilitation approach focused on identifying opportunities and building capacity for industrial symbiosis innovation by influencing mainly the organizational and social factors. The facilitation approach requires further adjustments and experimentation to expand industrial symbiosis and to ensure the eventual implementation of these projects. This study contributes to the understanding of management perspectives of industrial symbiosis development in the context of an emerging economy.
Introduction
Industrial symbiosis has garnered increasing attention as a strategy to enhance the sustainability of industrial systems. It is a collaborative strategy in which companies exchange and reuse physical resources, such as byproducts, water, and energy, and/or share services, for example involving waste management and infrastructure [1] . By connecting business actors and their physical flows of resources, industrial symbiosis enhances the production and resource efficiencies at an inter-organizational level and increases business competitiveness by reducing costs (e.g., purchasing raw materials, waste management) and the environmental intensity of production [2] . Several studies have also identified social and other benefits of industrial symbiosis, such as job creation, learning, innovation, and regional development [3] [4] [5] [6] .
A recent review of almost 400 scholarly publications showed an uptake and increase in industrial symbiosis research over the last 20 years [7] . The majority of these papers are based on case studies of industrial symbiosis in 37 countries. Most focused on China, with others examining developed countries such as the United States, Australia, Denmark, Finland, and the United Kingdom. Few studies
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Industrial symbiosis is fundamentally a problem of collaboration. Principally, it requires collaborations between business actors, but it may also involve governments and other actors, such as facilitators. The literature on industrial ecology has studied specific types of collaboration for exchanging and sharing physical resources among industrial actors. Collaboration as a general strategic issue has been studied in much broader fields, from inter-organizational management (e.g., strategic alliances and partnerships) to urban governance and public management. To understand the mechanisms of collaboration, we first review the literature on the key factors influencing the process of business collaborations and industrial symbiosis. Then, because we focus here on facilitated collaboration, we also review studies that provide facilitation models.
Determining Factors for Industrial Symbiosis as an Inter-Organizational Collaboration
In the field of management, studies on inter-organizational relationships have examined the issue of relationship structuring for strategic alliances and partnerships between firms, using various theoretical frameworks. Transaction cost economics explains that a firm organizes its "boundary-spanning activities" in a way that minimizes the total cost, which includes the transaction costs related to searching a partner, contracting, monitoring, and enforcing [19, 20] . However, the theory has been criticized for focusing on cost minimization and excluding value-creation, and for considering ex-post outcomes rather than decision-making processes [21] . In addition to cost, studies have examined the role of social factors such as trust, power, norms, and culture to explain the dynamics of collaborative relationships [22] [23] [24] [25] [26] . For example, economic sociology explains how intentionally rational people resort to social devices because economic actions are embedded in a social structure [27, 28] .
Studies on industrial ecology are also increasingly recognizing the important role of social and contextual factors in building industrial symbiosis. Kalundborg was the first to provide an example of industrial symbiosis, but attempts to replicate it proved unsuccessful, resulting in several abandoned projects in the United States [29, 30] . These experiences raised the question of what determines the success or failure of industrial symbiosis. A stream of industrial symbiosis research has explored the factors that drive and/or hinder industrial symbiosis, categorizing them as technical, economic, organizational, social, and/or institutional factors (see Table 1 ) [31] [32] [33] [34] [35] . Of these factors, technical (e.g., material characteristics, availability of technology) and economic factors (e.g., costs and benefits of industrial symbiosis) are considered the minimum requirements for businesses to participate in industrial symbiosis. However, many studies also note the importance of organizational factors (e.g., awareness, attitude of managers, culture of organizations) [34] [35] [36] , social factors (e.g., trust, shared value, culture of cooperation, social capital) [37] [38] [39] [40] , and institutional factors (e.g., policy, legal, and regulatory measures) [41] [42] [43] [44] . These works argue that industrial symbiosis requires the right recipe or combination of factors, depending on the local context. The importance of these contextual factors is emphasized by the term "embeddedness". Howard-Grenville and Boons (2009) [45] proposed six types of embeddedness relevant to industrial symbiosis: cognitive, political, cultural, structural, spatial, and temporal embeddedness. Using this framework of key determining factors, we examine how the facilitation approach influences and changes these factors in the context of our case study. 
Facilitation Models
With a diffusion of governance power, urban planning considers how to involve new actors and build collaborative relationships. A new concern is not just on how to create inter-organizational networks, but how to build cultures in which communities can collectively address regional issues [46] . Ansell and Gash [47] presented a generic model for collaborative governance, with collaborative process variables at the core. Collaboration process is highly iterative and includes feedback in the form of communication, trust, commitment, understanding, and outcomes. Other variables that define starting conditions, institutional design, and leadership represent either critical contributions to or context for the collaboration process. Of these four elements of collaboration identified by Ansell and Gash, we focus on facilitation (the "leadership" component). Our aim is to understand how this component provides essential mediation and/or facilitation for the collaborative process, often by controlling and influencing institutional design or ground rules for collaboration. Ansell and Gash [48] further presented three types of facilitative leadership distilled from the literature on collaborative governance: steward, mediator, and catalyst. They extract the attributes, skills, and strategies of leaders who initiate, guide, and steer collaborations, and then classify these according to the key roles and nature of the facilitation. Stewards establish and protect the integrity of the collaborative process by maintaining a wide representation of stakeholders in a neutral setting, thus lending legitimacy and providing a broad framework of transparency, inclusiveness, and outcome effectiveness. Mediators arbitrate conflicting positions to facilitate positive interactions and to nurture relationships between stakeholders. Catalysts go beyond a mediating role in that they aim to identify and exploit value-creating opportunities and, therefore, mobilize stakeholders for innovation.
Some studies on industrial symbiosis examine the roles of various types of facilitators. Hewes and Lyons [40] conducted ethnographic fieldwork to observe the roles of two individuals, or "champions", in the development of industrial symbiosis. They emphasize the importance of having locally embedded champions who develop social relationships and trust among communities. They also show how a champion's departure influences the long-term viability of industrial symbiosis. Von Malmborg [49] focuses on the knowledge-transfer role of local authorities in developing and managing regional industrial ecosystems. As an institutional anchor tenant, a local authority can link companies to consultants or technical experts (knowledge brokers) or can provide knowledge themselves (knowledge bank). Paquin and Howard-Grenville [50] inductively explored the actions of regional environmental authorities in the UK's National Industrial Symbiosis Programme (NISP) for an eight-year period. Based on observational and archival data, they grouped the NISP's facilitation actions into three categories: conversation, connection, and co-creation. Their findings show that each set of actions has a different influence on development and evolution of symbiosis. Conversation, or actions that engage a broad range of firms (e.g., building awareness and interest) and facilitate interaction spaces, appeared early in the pre-network development phase. Connection actions dominated the network development phase, when the NISP strategically introduced relevant firms around specific exchanges or deepened their involvement with firms to bring specific projects to fruition. The NISP actions eventually evolved into co-creation, which supports more time-consuming infrastructure development around important resource streams by replicating high-value symbioses and developing capacity around the processing of key regional resource streams.
Beginning with the broad question of how to promote industrial symbiosis, we first explore the facilitation approach adopted by the industrial symbiosis pilot program of the SINP. As such, we examine how the approach influences key determining factors and the outcomes of industrial symbiosis (formulation of IS projects) (see Figure 1) . First, we analyze the facilitation approach using the facilitative leadership model of Ansell and Gash [48] . This provides an understanding of the nature of facilitation activities and the types of strategies used to promote the formulation of industrial symbiosis projects. Second, we examine the changes in the key determining factors of industrial symbiosis based on the observations and evaluations of program participants. We also examine the outcomes in terms of the number, type, and potential benefits of formulated projects. Some studies on industrial symbiosis examine the roles of various types of facilitators. Hewes and Lyons [40] conducted ethnographic fieldwork to observe the roles of two individuals, or "champions", in the development of industrial symbiosis. They emphasize the importance of having locally embedded champions who develop social relationships and trust among communities. They also show how a champion's departure influences the long-term viability of industrial symbiosis. Von Malmborg [49] focuses on the knowledge-transfer role of local authorities in developing and managing regional industrial ecosystems. As an institutional anchor tenant, a local authority can link companies to consultants or technical experts (knowledge brokers) or can provide knowledge themselves (knowledge bank). Paquin and Howard-Grenville [50] inductively explored the actions of regional environmental authorities in the UK's National Industrial Symbiosis Programme (NISP) for an eight-year period. Based on observational and archival data, they grouped the NISP's facilitation actions into three categories: conversation, connection, and co-creation. Their findings show that each set of actions has a different influence on development and evolution of symbiosis. Conversation, or actions that engage a broad range of firms (e.g., building awareness and interest) and facilitate interaction spaces, appeared early in the pre-network development phase. Connection actions dominated the network development phase, when the NISP strategically introduced relevant firms around specific exchanges or deepened their involvement with firms to bring specific projects to fruition. The NISP actions eventually evolved into co-creation, which supports more time-consuming infrastructure development around important resource streams by replicating high-value symbioses and developing capacity around the processing of key regional resource streams.
Beginning with the broad question of how to promote industrial symbiosis, we first explore the facilitation approach adopted by the industrial symbiosis pilot program of the SINP. As such, we examine how the approach influences key determining factors and the outcomes of industrial symbiosis (formulation of IS projects) (see Figure 1 ). First, we analyze the facilitation approach using the facilitative leadership model of Ansell and Gash [48] . This provides an understanding of the nature of facilitation activities and the types of strategies used to promote the formulation of industrial symbiosis projects. Second, we examine the changes in the key determining factors of industrial symbiosis based on the observations and evaluations of program participants. We also examine the outcomes in terms of the number, type, and potential benefits of formulated projects. 
The Study Case and Research Methods
We conduct an exploratory case study of the pilot initiative for industrial symbiosis introduced on the SINP platform in Colombia. The SINP initially focused on disseminating cleaner production, but over time, companies expressed an interest in additional programs and "industrial symbiosis" was chosen as the new theme. The SINP is an overarching institutional platform and benchmarked 
We conduct an exploratory case study of the pilot initiative for industrial symbiosis introduced on the SINP platform in Colombia. The SINP initially focused on disseminating cleaner production, but over time, companies expressed an interest in additional programs and "industrial symbiosis" was chosen as the new theme. The SINP is an overarching institutional platform and benchmarked model for the industrial symbiosis pilot program, which means it uses the same institutional structure in terms of funding mechanisms, workshop structures, and facilitation. However, the program explicitly emphasizes collaboration and building capacity in its work across companies. By addressing opportunities at an inter-organizational level, the program aims to further expand sustainable transformation and its benefits.
We ran two pilot programs on industrial symbiosis: the first from January to March 2017, and the second from October to November 2017. All authors of this paper were involved in developing the pilot program and the workshop materials. We invited companies based on their size, location, and industrial sector [51] , as well as on their commitment to the program. The first pilot program included 25 representatives from 13 companies across the construction, packaging, beverage, chemical, cosmetic, agriculture, and waste management sectors (see Table A1 in the Appendix A for detailed information on the companies). The second pilot program included 32 representatives from 23 companies in the flower, dairy, poultry, food, chemical, cosmetic, construction, wood, furniture, and waste management sector (see Table A2 ). Two of the authors led the workshops as the main facilitators and the third author observed the dynamics of the workshops. Therefore, our analysis of the facilitation approach is based on the observation, documentation, and interpretation of our own activities.
To understand how the facilitation approach may influence the key factors of industrial symbiosis, we conducted a survey at the end of the two pilot programs. The survey included questions that require evaluations using five-point Likert scales and open answers. The questions were devised to evaluate following four aspects: (1) the content of the workshops and the role of facilitators; (2) individual and organizational learning; (3) inter-organizational relationships; and (4) the motivations, drivers, and challenges of project development. Of the 57 representatives who participated in the workshops, 32 responded to the survey (56% response rate). We also conducted semi-structured interviews approximately nine months after the first pilot program to follow up on the status of project implementation.
With regard to the program outcomes, at the end of the workshops, we documented the industrial symbiosis projects that had been proposed and formulated successfully. We categorized these projects into three types of industrial symbiosis (i.e., byproduct exchange, utility sharing, and service sharing). Then, we estimated the economic potential (e.g., cost savings, additional revenue, and payback period) and net environmental benefits (e.g., reductions in water consumption, energy consumption, chemical use, and greenhouse gas emissions, as well as changes in waste disposal) of the projects. All data on the projects and the benefit estimates were compiled and submitted by the companies. The accuracy and reliability of the data were reviewed and checked by facilitators, to the best extent possible, which often required further discussions with the companies. Here, we considered the formulation of the projects, not their eventual implementation. One of the reasons for this is that the scope of the SINP program is limited to the operation of workshops, which end with formulations and proposals for potential projects. Project implementation is then left to the companies, which make their own decisions based on their capacity. According to the current institutional design of the SINP, our facilitation role focused primarily on project formulation; in other words, we were not involved in the implementation process. Understanding the collaboration process used to implement industrial symbiosis projects is left to future research. Owing to the exploratory nature of our case study, we examine the relationship between the facilitation, key factors, and program outcomes in a qualitative way, and supporting this with information from observations, surveys, and interviews.
Results

Analysis of the SINP's Facilitative Approach
The SINP pilot program is composed of six-week long workshop sessions (see Table 2 ). In the first week, facilitators introduce the concept of industrial symbiosis through a game in which participants play the role of different firms and explore opportunities of industrial symbiosis. In the second week, the facilitators illustrate various cases of industrial symbiosis, explaining their approaches and associated benefits generated. Then companies engage with an auction, where a company explains their key output streams and any companies that are interested in using one of the materials express their needs. Afterward, matched companies exchange further information about the materials and examine feasibility of the material exchange inside and outside of the workshop sessions. In the third week, the facilitators explain overall collaboration processes required for industrial symbiosis. Companies are engaged with a negotiation simulation and discuss effective strategies and potential challenges of collaboration. In the fourth week, the facilitators teach how to conduct a feasibility study. By then, participating companies are expected to identify one or more opportunities for industrial symbiosis, so that they can estimate costs and benefits of the project. After one week of individual counseling and problem-solving with the facilitators, companies present the idea, feasibility, and benefits of a project in the sixth week. Throughout six weeks of the SINP pilot program, facilitators used various approaches of all leadership types (steward, mediator, and catalyst) (see Table 3 ). The steward's role in establishing the institutional structure and convening the collaboration process benefited from the existing SINP platform, which is well perceived as a signature program on sustainable industrial transformation in the region. The facilitators were able to bring in a sufficient number of participants to convene the program using their existing relationships within the business communities in the region. From their experience in the earlier cleaner production program, facilitators already knew how to follow up with companies, run program activities, and provide feedback to manage the inclusiveness and transparency of the process. This aspect was supported by the high evaluations of participants on trust in the facilitators (4.52 on a five-point Likert scale) to initiate and lead the program. To establish the program's identity and image, the facilitators organized a forum before convening the workshop to introduce industrial symbiosis to the interested parties. The SINP program also included other activities, such as events to grant certificates and outreach channels such as the program's website, seminars, and booklets. In the SINP, the facilitators' mediating role focuses on establishing an environment that encourages positive interactions and relationship building. For example, facilitators designed activities that enabled participants to interact and build relationships (e.g., industrial symbiosis game, waste auction and bidding, breakfast gatherings) and led discussions in a constructive way (e.g., by controlling disrespectful comments and sharing success examples and useful knowledge). Participants found this aspect of facilitation valuable: "the facilitators' ability to promote communication and interaction" as well as "the ability to motivate and empower" both scored 4.69 on a five-point Likert scale. Facilitators did not need to resolve conflicts, mainly because disputes did not arise during the workshop sessions and the project formulation stage. This was most likely because the program established a joint goal of developing a project by the end of the workshop and companies perceived win-win benefits in pursuing industrial symbiosis. It is likely that more conflicts would arise during the implementation of an industrial symbiosis project, requiring that facilitators adopt a more active mediating role.
The facilitators played a strong role as catalysts, which was partly supported by participants' evaluations of facilitators' role in guiding and formulating projects (4.60) and in delivering new concepts and ideas (4.53) . This is because the main objective of the program is to promote the development of industrial symbiosis, a type of collaborative innovation for sustainability. Here, key activities included empowering and motivating participants by introducing the concept of industrial symbiosis and its link to competitiveness, sharing knowledge and tools for change actions, and developing ideas and alternatives together. Table 4 lists the key determining factors, taken from the literature, and the influence of the SINP facilitation approach on each variable, evaluated qualitatively based on our observations of the workshop dynamics, survey responses, and the results of the follow-up interviews. Although technical and economic factors are considered most important in terms of motivating companies to develop projects (4.46 and 4.14 on a five-point Likert scale, respectively), the facilitation of the SINP pilot program did not focus on these factors. When inviting participants, program facilitators considered the composition of the workshop group and potential input-output matches, but could not fully control these because of the requirements of the funding agency related to workshop size and the commitment of the companies. Once the size and composition of the workshop group were determined, there were limits in exploring technical opportunities for industrial symbiosis and, therefore, the potential economic gains. In the pilot program, participating companies explored opportunity sets for industrial symbiosis based on their own knowledge and on the information shared within the group. Here, the facilitators did not actively seek technological options or funding opportunities outside of the group. Similarly, no facilitation actions were taken to change the institutional environment. Participants acknowledged potential regulatory constraints (e.g., Colombian regulations do not allow the use of water other than the public sources) and developed their projects within these legal boundaries.
Influence of the SINP's Facilitation on Industrial Symbiosis Key Factors
The SINP's facilitation actions focus more on influencing organizational and social factors. Similarly to the SINP program on cleaner production, the pilot program focused strongly on improving awareness, changing attitudes, and enhancing organizational capacities, for example, by sharing the basic concept and necessary tools (e.g., negotiation exercises, evaluations of feasibility). The impact of these facilitative actions was supported by participants' high evaluations of their learning of the new concept (4.49) and the improvement in their skills (4.49) . The survey responses also showed that participants understood the concept and potential benefits of industrial symbiosis in terms of improving resource efficiencies, relationships with stakeholders, reputation, environmental and social responsibility strategies, and, more broadly, in terms of achieving innovation and cultural changes. However, the facilitation actions did not support the decision-making processes within or across organizations. Participants evaluated obtaining necessary information from a partner organization and within an organization as the most challenging of the barriers evaluated. In particular, respondents considered it more challenging to gather information within their own organization than from a partner organization. Further investigation is needed to identify the organizational decision-making structures and processes in Colombia in order to address these barriers. Note: "−" means "no facilitation action" and, therefore, no influence of facilitation on the variable; "+", "++", and "+++" refer to increasing effects of facilitation.
In contrast to the SINP on cleaner production, the pilot program emphasized building relational capital to promote collaboration, by establishing a common vision for industrial symbiosis and creating a space for interaction and communication (e.g., joint activities and informal gatherings). About 47% of the respondents stated that they did not have previous social relationships at the individual or organizational level (e.g., did not know the person or knew only the name of the organization). However, after the program, about 81% described their relationships as "partners that share long-term interests" or "having trust and being able to continue exploring further collaboration opportunities". Most of the respondents pursued active interactions and communication with partners by sharing information through e-mails and/or phone calls (43%) and meeting outside of the program (28%). However, participants expressed some difficulties related to negotiations and inter-organizational arrangements. Here, facilitators did not intervene in a significant way, other than to introduce potential issues that may be encountered during negotiations.
Outcomes of the Industrial Symbiosis Project Development
As a result of the facilitation in the pilot programs, 20 industrial symbiosis projects were developed and proposed among 34 companies (In total, 36 companies attended and completed all workshops. Four could not formulate a project, and two new companies were drawn by program participants to formulate projects (see "External companies" in Figure A2 ). These two external companies attended one workshop) (Appendix B shows the network diagrams of the symbiosis projects). Given that 36 companies participated in the pilot programs, almost all were involved with at least one project. It may be those companies that failed to design a project found limited technical opportunities for symbiosis, given the composition of the group [52] . For example, a consulting company for energy efficiency was not able to find a symbiosis partner because there were no proposals for energy-sharing projects. Although many instances of industrial symbiosis were reported among the chemical companies around the world, the chemical company participated in the pilot program failed to develop a symbiosis project. This may be because most of the participating companies operated within the agricultural sector, not the chemical sector. This implies that facilitators need to carefully design the size and composition of workshop groups to maximize opportunities for industrial symbiosis.
The 20 symbiosis projects were estimated to generate economic benefits worth approximately USD 760,000 (i.e., COP 2282 million), considering both cost savings and additional revenue. On average, each project was estimated to generate about USD 38,000, with a payback period of three months (As a comparison, the average economic benefits of the 339 cleaner production projects formulated under the SINP were USD 28,760, with an average payback period of 14 months). This level of economic benefits is significant for many SMEs in an emerging economy. Thus, many of these industrial symbiosis projects may be implementable from an economic perspective (In the case of cleaner production, about 58% of the projects designed under the SINP were implemented). In terms of environmental benefits, 20 projects estimated they would prevent 7207 tons of waste disposal and 1126 tons of greenhouse gas emissions, and would reduce energy consumption by 619,500 kWh and water consumption by 146,000 m 3 per year. These are considerable potential benefits. For example, the saving in waste disposal is equivalent to the average waste generated by 23,249 Colombians per year, and the energy reduction is equivalent to the average electricity consumption of 319 Colombian households per year. This shows that industrial symbiosis can generate considerable economic and environmental benefits in a collective way. At the project level, the facilitation approach did not necessarily promote the development of larger projects with larger benefits. However, future research should explore how facilitators can increase the benefits of industrial symbiosis.
The proposed industrial symbiosis projects include 17 byproduct exchanges, two service-sharing projects, and one wastewater project. Of the 17 byproduct exchanges, nine focused on reusing packaging and delivery materials made of wood, plastic, paper, or glass. The focus on packaging material may show that projects were first developed in a way that did not require considerable upfront investment or changes. This may also imply that there are many technically feasible reuse opportunities that have not yet been realized. In addition, two service-sharing projects show considerable potential economic benefits. These benefits are derived mainly from better rates for waste management, because the companies enhanced their power by negotiating collectively and increasing the volume of waste. This may reflect the lack of maturity of the waste market (e.g., there are only a few waste management service providers with varying level of service), as well as its level of information asymmetry (e.g., companies do not have the information about standard market rates). This is particularly likely in emerging markets, which are characterized by weaker regulatory enforcement and market irregularities. On the other hand, we observed only one case of wastewater reuse, and no cases of energy sharing. Despite opportunities being available, energy and water symbiosis may be more difficult to establish owing to the heavy investment required in infrastructure, such as pipelines and equipment [32] .
Analyzing the relationship between company size and project outcomes, we find that projects with larger benefits tend to involve large companies. This is probably because of the greater opportunities for waste reuse and service sharing in large companies. Companies with processing facilities (e.g., waste processing or boilers) tend to be located at the center of the industrial symbiosis network, participating in several projects. This shows the important role of "scavenger" or "decomposer" businesses in closing material loops [53] . Compared with the first pilot program, the second program involved more companies from the agricultural and food sectors and the projects were smaller in terms of economic and environmental benefits. Thus, specific combinations of industrial sectors and/or company sizes might limit the technical opportunities for industrial symbiosis.
Discussion
In this pilot program, facilitators focused on identifying value-creating opportunities and capacity building (catalyst role), creating a space for interactions and relationship building (mediator role), and establishing a structure and convening the process (steward role). This is similar to the "facilitation-brokerage" model [1] , which was also observed in the early phase of the NISP program [31, 50] . Industrial symbiosis projects emerged through voluntary interactions among participants in a space established by facilitators, rather than being directed by intentions or goals. Rather than presenting solutions, facilitators encouraged participants to develop their own projects within a given period. To do so, they shared concepts and tools, encouraged participation, checked on the completion of activities, made phone calls, and reviewed calculations. In addition, the space for interaction and the collective development of projects, called the "institutional design" by Ansell and Gash [47] , seemed effective in providing peer pressure to a certain level. Several companies that initially found it difficult to find a project were "pushed" by groups that had already done so until they were successful. However, unlike the NISP approach, our facilitation targeted a smaller group of companies and promoted collaboration through activities that required greater participation (e.g., exercises and assignments). This facilitation approach mobilized most participating companies to formulate industrial symbiosis projects in an emerging economy.
Further analysis of the impact of facilitation on the key industrial symbiosis factors shows that the SINP facilitation focused on changing variables in the organizational and social categories. This seems natural, because these variables are more manageable, and many are associated with the concept of "capacity", including collaborative capacity [54] and institutional capacity [46] . The concept of institutional capacity has been applied previously to industrial symbiosis systems [55] [56] [57] . Three dimensions of institutional capacity are closely related to the organizational and social factors identified in this study: knowledge capacity (i.e., the ability to acquire and use information about feasible symbiotic linkages); relational capacity (i.e., the ability to enhance opportunities for industrial symbiosis by reducing transaction costs through increased trust and mutual understanding); and mobilization capacity (i.e., the ability to activate relevant actors and attract the resources necessary to realize the exchange). Therefore, future studies may wish to explore how various models of facilitation enhance the institutional capacity of industrial symbiosis systems. Changing the institutional environment was not within the scope of the Colombian SINP program. However, other industrial symbiosis cases and programs are more actively involved in regulatory changes and support, such as those in Korea [58] and China [59] . Finally, in order to increase technically feasible and economically viable opportunities for industrial symbiosis, facilitators need to play a more active role in searching for partners, technological options, and funding opportunities, even outside the program. This requires both careful considerations of who participates in the workshops and greater technical knowledge about specific industrial processes and/or materials from external experts and participants. In the case of the NISP, facilitators adopted goal-directed processes in the latter stages to develop larger-scale projects and thus, were more involved in the formulation of project ideas [50] .
This study explored the facilitation approach adopted in the Colombian SINP pilot program in detail in terms of its nature and influence on the key determining factors of industrial symbiosis. We presented a facilitation approach that differs from the facilitation models used in programs such as the NISP and, therefore, adds to the field of industrial symbiosis. However, the early stage of the pilot program drew on a limited number of samples and, therefore, the findings need to be interpreted with caution. It is crucial to observe whether these proposed projects are implemented. According to our follow-up interviews, none of the companies have yet implemented the symbiosis projects for various reasons, such as conflicts arising from power asymmetry, the absence of a person in charge, a lack of leadership, and/or unexpected barriers. Many participants expressed the need for additional guidance during project implementation. Thus, it seems that facilitators need to play a more active role as mediators by intervening in negotiations and in conflict resolution. This raises an important question about the role of facilitators during project implementation in terms of the types of facilitation activities needed. This may require changes to the current institutional structure.
We will continue with the program on industrial symbiosis with more companies across various sectors. As the program expands, the facilitation approach will need to be adjusted. Cumulative data and information obtained from the program will also allow us to improve our understanding of the industrial symbiosis dynamics and the underlying decision-making processes in an emerging economy.
Future studies need to examine the relationships between relevant variables in a quantitative way and the different forms of capacity. The capacity or competence of the facilitators can also be the topic of future research [60] .
Conclusions
Industrial symbiosis was introduced to the SINP as a collaborative approach that contributes to the sustainable transformation of industrial production in Colombia. As a result of the pilot program with 36 companies, 20 projects were proposed and designed. We examined how the facilitation approach adopted by the program drove the development of industrial symbiosis projects by analyzing a facilitation model and its impact on the key factors of industrial symbiosis, as identified from the literature. Our analysis showed that the facilitation approach adopted the roles of catalyst, steward, and mediator, and focused on identifying value-creating opportunities and building capacity for project formulation. This facilitation influenced and changed organizational and social variables, leading to the formulation of projects by most participating companies. Our findings contribute to a more detailed understanding of the facilitation approach to industrial symbiosis in the early stage of the Colombian SINP initiative, but more research is needed to corroborate the findings with larger samples from diverse contexts. Further research would help understand the full dynamics of industrial symbiosis development and implementation as well as the underlying decision-making processes. 
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Appendix A. List of Companies That Participated in the Industrial Symbiosis Program
